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Preface to the Third Edition 


The warm reception to this book, Nuclear Physics Theory and Experiment, by 
renowned academicians and students since its inception (1967) has led to the 
publication of new editions in quick succession. The book has been recommended 
and considered as a standard and popular textbook on this subject at undergraduate 
and postgraduate levels of various universities. It is well-equipped to meet the 
challenging requirements of the students and teachers alike. 


In this edition two important appendices— The Concept of Cross-Section 
for a Nuclear Reaction and the Wigner-Eckart Theorem have been included at the 
end of the book that will help the students in their self-study and understanding 
the subject in a better way. 


Updates in the text have been made wherever necessary. 


PUBLISHER 
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CHAPTER 
Introduction 1 


The atomic nucleus was discovered in 1911 by Rutherford, who demonstrated 
that the large-angle alpha-particle scattering can be explained only in terms of a 
positively charged nucleus of radius —107!7 ст as compared to а radius ~10® ст 
for the atom. In addition, the nucleus is massive and contains practically the 
whole of the mass of the atom. 

Before Rutherford, however, there were many other outstanding 
developments. In 1896, Becquerel identified radioactivity, and the following year 
J. J. Thomson discovered the electron. A year later, Marie Curie isolated polonium 
and radium from the ores. The theory of radioactivity was systematized shortly 
after by the statistical decay law due to Rutherford, Soddy, and Von Schweidler. It 
was also found that the radiations emitted from radioactive substances could be 
classified as alpha-, beta-, and gamma-rays by observing the deflection of alpha- 
and beta-rays in a magnetic field. 

Roentgen discovered x-rays in 1895, and Von Laue in 1912 observed their 
diffraction. From Moseley 's study of x-ray spectra in 1913 emerged the concept 
of atomic number Z which became the basis for the classification of elements in 
the periodic table. Bohr, in the same year, explained the hydrogen spectrum by 
assuming a simple model of the atom which incorporated both the atomic number 
Z and the quantum of radiation first proposed by Planck in 1900. The discovery 
of the Rutherford-Bohr model of the atom was followed by the advent of quantum 
mechanics which explained, in great detail, various atomic phenomena. Quantum 
mechanics as a tool to understand atomic phenomena; it was developed by numerous 
physicists, among whom are de Broglie, Schrédinger, Heisenberg, Pauli, and 
Dirac. 

Rutherford, in 1919, was the first to demonstrate the phenomenon of nuclear 
reaction by the disintegration of nitrogen according to the reaction „N!* + „He? 
— gO!" + ,H!. The concept of the structure of the nucleus remained unexplained 
until 1932 when a neutral particle, the neutron, was discovered by Chadwick, 
following a series of experiments by Bothe, Joliot, and Chadwick. After this 
important discovery, it was proposed that the nucleus was composed of neutrons 
and protons which have almost the same mass. The mass number A of the nucleus 
is given by the sum of Z protons and A-Z neutrons. This concept of the nucleus 
which arose in the 1930s is still valid today. Neutrons and protons, commonly 
referred to as nucleons, are spin-half particles, which obey Fermi-Dirac statistics. 


2 NUCLEAR PHYSICS — THEORY AND EXPERIMENT 


The basic problem in nuclear physics is determining the nature of the force 
which holds the neutral particles, such as neutrons, and the charged particles, 
such as protons. The force, of course, cannot be electrical in origin since a neutron 
carries no charge. The interpretation of the scattering experiments indicated that 
this force must be of short range extending to a distance less than 107!! cm. 
Yukawa, in 1935, introduced the concept of mesonic force in nuclear interaction. 
In 1936, Anderson and Neddermeyer discovered u-meson which was followed 
by the discovery by Powell in 1946 of still another heavier meson, 
л-теѕоп. Since then numerous new particles have been discovered. The situation 
may seem somewhat confusing. However, although the exact nature of the nucleus 
is still a mystery, much progress has been made towards its understanding. 

We shall briefly summarize the various topics presented in this book. We 
have limited ourselves for the most part to the discussion of low energy phenomena; 
in Chapter 4, however, we have reviewed the nucleon-nucleon interaction 
phenomenologically over an energy range extending to about 300 Mev. 

Extensive mathematical development is required in understanding and 
interpreting the problems in nuclear physics. In fact, mathematics has become an 
integral part of the subject. To emphasize this point, we have included in the 
Appendix the mathematical formalisms that are essential for developing the various 
topics throughout the book. 

Chapter 2 deals with the nuclear radius and nuclear shapes. Various methods 
for determining the nuclear radius are examined with special emphasis on the 
more accurate and recent methods, such as electron scattering. We note particularly 
that the values obtained in the determination of the nuclear radius are dependent 
upon the method used. If the nuclear radius found by the alpha scattering method 
does not agree with that found by the electron scattering, it is because alpha 
scattering determines the interaction radius, whereas electron scattering gives the 
density of charge distribution of the nucleus. The structure of a nucleus is explained 
by the interaction of the nuclear electric charge and magnetic moment distributions 
with either the external or internal (atomic electrons) electromagnetic field. The 
electric quadrupole moment measures the deviation of charge distribution from a 
spherical shape. On the other hand, the magnetic moment of a nucleus interacts 
with the magnetic field in which the nucleus is located. General expressions for 
electric and magnetic multipoles are given. 

Nuclear forces are complex and are difficult to understand. Of course, the 
two-nucleon interaction is comparatively simpler and easier to understand than 
many-nucleon forces. Chapter 3 covers the two-nucleon interaction in considerable 
detail by treating its different aspects. 

The nuclear mass and the nuclear fission are described by semi-empirical 
formulas (Chapter 5) which are, in part, related to the liquid drop model of the 
nucleus. Although many-nucleon forces are not understood completely, the semi- 
empirical approach in solving these problems helps a great deal in understanding 
the nuclear mass and the mechanism of nuclear fission. 
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INTRODUCTION 3 


Nuclear reactions have been studied extensively, both experimentally as 
well as theoretically. Experimentally, data can be collected with great accuracy 
by using precise techniques. These data are often analysed in terms of theoretical 
models such as the compound nucleus, statistical model (Chapter 6), optical model 
(Chapter 10), direct reaction mechanism (Chapter 11), etc. Such analyses are 
helpful in understanding the mechanism of nuclear reactions. Theoretical 
calculations underlying each of these models together with the experimental results 
are presented. 

Considerable progress in the study of nuclear structure has been made by 
the development of the nuclear shell-model. This model, although basically simple, 
has led to the explanation of many nuclear properties such as spin, magnetic 
moment, and nuclear spectra. This model is discussed in Chapter 7. 

There are many properties of nuclei, such as large electric quadrupole 
moments, deviations from the spherical shape, and rotational and vibrational spectra, 
which cannot be understood in terms of the nuclear shell-model. These properties 
are a consequence of the collective motion of many nucleons. In Chapter 8 we 
explore the collective model and its several variations. 

The theory of the nuclear many-body problem, basing it on the two body 
interaction, is given in Chapter 9. By thus reducing the complex problem into a 
more workable form, theories make an attempt to describe the properties of nuclear 
matter. 

The study of electromagnetic interaction with nuclei provides much 
information concerning the nuclear properties. The processes which can be treated 
аге emission of y-rays, conversion electrons from excited nuclei, ү-ү angular 
correleations, emission of nucleons with the absorption of photon, and others. 
Chapter 12 gives a comprehensive discussion of these processes. Experimental 
data have also been compared with the predictions made by the theory. 

Until 1956, Fermi's theory was adequate to explain various aspects of the 
beta decay process. However, in 1956 its concept was revised to a great extent 
when Lee and Yang discovered that in weak interaction processes parity is not 
conserved. Even after this discovery, however, Fermi's theory was not found to 
be redundant. Chapter 13 describes the beta decay process, emphasizing this 
modified theory. 
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Chapter 1 


NUCLEAR PHYSICS 


THEORY AND EXPERIMENT 


This book is presented as a two semester undergraduate-level course. Most of its contents 
can be understood by students who have had one year of quantum mechanics. Some chapters 
may also be useful to advanced undergraduate students. Certain parts can also serve as 
reference material. In this new edition of the book two appendices have been added to update 
the information on Cross-Section for a Nuclear Reaction and another on Wigner-Eckart 
Theorem. 


Some ofthe salient features: 


Various methods for determining the nuclear radius are examined with special emphasis 
on the more accurate and recent methods, such as electron scattering. 


General expressions for electric and magnetic multipoles are given. 
The nuclear mass and nuclear fission are described by semi-empirical formulas. 


The two-nuclear interaction in considerable detail by treating its different aspects and the 
nuclear shell-model are discussed in detail. 


Certain standard mathematical expressions, with their derivations, appear in the 
Appendix. 
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